On the basis of calculations using regional and country food balance sheets, dietary surveys from Pakistan and India, and amino acid composition data, it is proposed that the essential amino acid lysine may be relatively lacking in many areas of the world where diets heavily based on cereals are consumed. By combining food balance sheet and gross national product data, it can be demonstrated that as wealth increases, not only are more food energy and protein available, but there are also major changes in the pattern of foods selected. When dietary and health data are stratified by gross national product, the poorest countries, with a combined population of nearly 3,000 million, have the highest proportion of their protein originating from plant sources. These are also the countries with the lowest life expectancy and the highest mortality rate among children under five years of age. Rich countries, in contrast, obtain much of their protein from animal sources. Such different dietary patterns of the rich and the poor lead to very different daily availabilities of lysine Although large differences also exist for all other essential amino acids, the difference is considered to be nutritionally significant only for lysine The coefficient of variation (CV %) in lysine content in some 100 dietary calculations was more than three times the average CV % of the other essential amino acids. The amino acid compositions of animal, pulse, and cereal proteins are also sufficiently different from each other to allow food group data to be used to predict the lysine value of diets. Dietary survey data from both India and Pakistan showed wide intra-country variations of lysine availability. Average lysine values were low in both countries and would indicate a considerable risk of inadequate levels of intake in many subsections of the population. Strategies to alleviate possible global problems of low lysine supply must include improving dietary diversity as well as consideration of cereal nutrient fortification.
Introduction Global nutrition priorities
Despite major improvements in health and social services in recent years, as well as in food availability (table 1), hunger and malnutrition remain devastating problems facing the majority of the world's poor. One out of five persons in the developing world is chronically undernourished, nearly 200 million children suffer from protein-energy malnutrition, and over 2,000 million experience micronutrient deficiencies. In addition, dietrelated non-communicable diseases, such as obesity, cardiovascular diseases, diabetes, and some forms of cancer, exist or are emerging as public health problems in many countries [1] . Whereas the percentage of underweight children has declined in all continents over the last 15 years, the absolute numbers have remained fairly stable as a result of population increases. The number of underweight children is highest in Asia (155 million), as is shown in table 3. The numbers in Africa, although much smaller, have actually increased. Mortality rates are correlated with underweight status and may be as high as 200 deaths per 1,000 live births in the least developed countries, compared with an average rate of 20 per 1,000 for the developed parts of the world. The prevalence of low-birthweight (<2.5 kg) infants in 1991 was nearly 19% in developing countries, with very high rates in South-East Asia and Africa, compared with 6% in developed countries. Low birthweight is an indicator of foetal undernutrition resulting from maternal undernutrition or infections. 
Micronutrient deficiencies
The most prevalent micronutrient deficiencies are lack of iron (over 2,000 million affected), lack of iodine (over 1,000 million at risk), and insufficient vitamin A (40 million affected). Iron deficiency primarily affects pregnant women, women of childbearing age, and young children, and can affect half the people in these segments of the population. Various other micronutrient deficiencies consisting of a lack of zinc, selenium, and other trace elements affect large numbers of people in various parts of the world [1] . As will be elaborated below, the relative lack of the essential amino acid lysine is also likely to be widespread in vast areas of the world consuming cereal-based diets, including most of South Asia. The consequences of malnutrition are varied and farreaching. In infants and young children, undernutrition and growth retardation are associated with reduced physical activity, lowered resistance to infection, impaired intellectual development and cognitive abilities, and increased morbidity and mortality.
Low birth-weight, itself commonly a result of maternal malnutrition, is associated with impairment of subsequent growth performance and high neonatal and infant mortality.
In women, poor nutritional status is linked with an increased prevalence of anaemia, pregnancy and delivery problems, and increased rates of intra-uterine growth retardation, low birth-weight, and perinatal mortality. In adults, undernourishment and anaemia can lead to poor health and productivity, resulting in impaired physical and intellectual performance, which can constrain community and national development.
Poverty is the root cause of malnutrition. Acute and chronic undernutrition and most micronutrient deficiencies primarily affect poor and deprived people who do not have access to adequate food, live in unsanitary environments without access to clean water and basic services, and lack access to appropriate education and information [1] .
Nutrition status is largely influenced by the nutrient content of foods consumed in relation to requirements. Requirements are determined by various factors such as age, sex, body size, physical activity, growth, pregnancy and lactation, infections, and the efficiency of nutrient utilization [2] [3] [4] [5] . Adequate water and basic sanitation are thus also essential.
Stable food availability at the national, regional, and household levels is a cornerstone of nutritional well-being. Aggregate estimates of food availability at the global, regional, or country level, while often indicative, cannot truly reflect household or individual food consumption. Food consumption is affected by the ability of households to produce or procure food, which in turn depends on income levels and distribution, food availability and wastage, prices, and consumer choices.
Of supreme importance at the individual level is the role of women and their ability to allocate time to child care. Causative factors here include male and female participation in economic activities, family size, time spent on food preparation, per capita expenditure on food, parental education, the number of children under six years of age, and the children's age and sex [6] [7] [8] .
World data concerning the numbers of people affected by chronic dietary energy deficiency are presented in table 2. Since these figures do not take into account problems of intra-household food distribution, or seasonal or acute problems of malnutrition or infection, the actual number of undernourished people is likely to be higher. By these estimates, again as with child malnutrition, the largest numbers are in Asia and represent almost 70% of those suffering chronic energy deficiency throughout the world. Energy availability may also affect protein utilization because of the biochemical interrelationships between protein and energy metabolism [9] .
Strategies for intervention
The majority of the deprived and undernourished population, especially in South-East Asia, subsists on diets heavily based on cereals. Such diets are likely to be low in a number of micronutrients, including the amino acid lysine. Strategies and activities to alleviate micronutrient deficiencies must include several approaches. The first involves improving dietary diversity by stimulating the production and consumption of micronutrientrich foods. A complementary approach is fortification of common foods by the addition of micronutrients. Fortification is especially applicable to cereals that are used in a milled form. Fortification can be difficult where there are multiple small-scale producers but can be much simpler where large, centralized milling facilities exist. Additional requirements for successful fortification are the adoption and enforcement of appropriate legislation as well as the convincing of both consumers and professionals that such plans are to their benefit. Supplementation should only be considered as a temporary measure until long-term solutions can be implemented. It has, nevertheless, been very successful in alleviating the problems of vitamin A deficiency. Additional necessary procedures require public health measures and legislation to address critical environmental factors, such as water quality, sanitation, and food hygiene, and to promote essential services, such as immunization programmes, control of endemic diseases, maternal and child health, primary health care, and health education and information [1] .
Essential amino acid supply
Comparison of data from different countries has shown that as wealth (gross national product) decreases, the availability of food energy decreases and also major changes occur in the pattern of foods that are selected. In particular there are significant decreases in the availability of animal protein foods [10] [11] [12] [13] [14] . Further, of the essential amino acids, the difference between the diets of rich and poor people in the amount consumed is greatest for lysine The amino acid compositions of animal, pulse, and cereal proteins are sufficiently distinctive from each other to allow food group data to be used for simple predictions of the lysine value of diets. Standard tables of amino acid composition show that the values for cereals range from 26 to 38 mg lysine/g protein, whereas the values for animal foods range from 70 to 100 mg lysine/g protein [13] . A recent important analysis concerning the world balance of dietary essential amino acids also demonstrated the central role of lysine [15] .
Standards of comparison are needed to assess whether a diet meets the needs for essential amino acids, both in absolute quantities, as measured by milligrams of amino acid per day, and qualitative terms, as measured by milligrams of amino acid per gram of protein. Throughout this review the values from FAD/WHO have been used as this standard [5] . For lysine the adult requirement is 58 mg/g protein, which translates to 2,840 mg/day for a young, 65-kg adult male whose protein requirement is 49 g/day. Lower recommendations, based on stable isotope studies, have been published: 50 mg/g protein or 2,450 mg/day for the same young adult male [16] .
The human lysine requirement is the subject of current collaborative international research, and future agreement on the actual value is essential for the assessment, on a global basis, of those at risk for deficiency. It is recognized that the use of the FAO/WHO [5] lysine value may result in some over-assessment of those at risk. The requirements for the other essential amino acids are similar in both sets of recommendations. The use of either standard leads to the conclusion that many millions may be at risk for lysine limitation, even if the numbers differ. Risk assessment can, however, be made with accuracy only by using estimates based on individual variability in intake. These data do not exist at present for the populations of South-East Asia. It is recommended that studies be undertaken to estimate individual variability of lysine intake in populations consuming diets based on high levels of cereals.
A further variable mentioned above is the possible interaction between protein and food energy availability [9] . This could affect the protein value of diets when food energy is limiting to a significant degree. Subsequent considerations here make the assumption that food energy availability is not generally in sufficient deficit that protein utilization is severely affected. The following discussion will therefore elaborate and extend observations on foods, diets, amino acid composition, and limiting amino acids in various regions of the world, paying particular attention to the diets of South-East Asia. Nevertheless, the additional effects of food energy deficiency on protein utilization could well be superimposed on the very poorest.
Dietary evaluation: World regions and countries

World regional data
Dietary data from selected world regions and countries are evaluated and data are expressed so as to demonstrate the availability of essential amino acids both in milligrams per day and in milligrams per gram of dietary protein. Food availability data, provided in the computer version [17] of the FAO food balance sheets, are the source of the dietary data used to calculate the essential amino acid supply. The FAO/Agrostat computer database contains information for individual countries and for regional groupings showing the daily availability, in grams of protein per day, of up to 114 specific food items (wheat, potatoes, milk, chicken, meat) or food groupings (cereals, starchy roots, animal foods) as well as the grand totals for daily protein, fat, and food energy availability.
It has been observed [13] that, in practice, for both countries and regions, a much smaller number of items (typically 20 to 30) will provide most of the protein and will allow for a simplified calculation procedure. These items include the major cereals, such as wheat, rice, corn, millet, and sorghum; the starchy roots cassava, sweet potato, and potato; the pulses soya bean, groundnut, and common beans; and fruits and vegetables, both individually and as groups, as well as the animal food products, primarily meat, milk, fish, and eggs.
Amino acid composition data were available as a computer data set from the Massachusetts Nutrient Data Bank. These data originated mainly from the US Department of Agriculture food tables [18] but also from a number of other food tables such as those of FAO [19] and tables for Middle Eastern foods [20] , as well as laboratory data for individually analysed samples. On average, more than 95% of the dietary protein could be accounted for in the simplified calculation procedure using a combination of individual foods and food group data.
In table 4 , data for food energy, protein, and the essential amino acid supply are shown for selected world regions. The amino acid data are in the form of milligrams per day for the eight essential amino acids. The sulphur amino acids (Sea) are expressed as the total of methionine and cystine, whereas the aromatic amino acids (Aaa) are expressed as the total of phenylalanine and tyrosine. Because of the equivocal status of histidine in terms of both requirement and food composition analytical data, this amino acid was omitted from consideration. Data from both developed and developing countries are tabulated and compared throughout with the estimated requirements for a man aged 18 to 30 years weighing 65 kg [3] . For this stage of the evaluation, the small but important correction for dietary digestibility was not included in the comparison. Inclusion of this variable would have the effect of further increasing the difference between supply and requirement for the poorest diets, since digestibility would be lower in poor, cereal-based diets. Group data will first be compared. Table 4 shows a very significant difference between nutrient availabilities in developed and developing regions. Developed regions, as a group, have average availabilities of 3,384 kcal and 102.1 g protein/day, and between 1,249 (tryptophan) and 8,147 mg (leucine) per day for the individual essential amino acids. In contrast, developing countries as a group have far lower availability of food energy, with only 2,542 kcal and 62.3 g protein/day and between 743 and 4,992 mg/ day for the individual essential amino acids. All values for these group data exceed the requirement values for a young male by factors ranging from 10% to 100%. The comparison for food energy is the most difficult to assess because of the need to consider activity levels. However, of the others, the difference between supply and requirement is the smallest for lysine and further comparisons will be made primarily in terms of daily lysine availability. For lysine only 3,127 mg/ day is available, on average, in the developing countries, compared with 6,633 mg/day for the developed regions. This can be compared to estimated requirement values for young men of some 2,840 mg/day. This value is based on a multiple of the lysine expressed as milligrams per gram of protein (58 mg/g protein) from FAO/WHO [5] multiplied by the protein allowance (49 g/day) from FAO/ WHO/UNU [3] for a 65-kg man aged 18 to 30 years.
These average data show an even greater range when specific regions are considered. For example, lysine availability in North America is 7,480 mg/day compared with 2,542 and 2,972 mg/day, respectively, in the developing regions of Africa and Asia.
In table 5 the essential amino acid availabilities for the year 1992 in the same selected world regions are expressed in milligrams per gram of protein. These values are indicative of mean dietary protein quality, and comparison here shows that, for the developed regions as a group, the mean availability of lysine is 65 mg/g protein, in contrast to only 50 mg/g protein for the developing countries. These values may be compared with a requirement estimate from FAO/WHO of 58 mg/g protein [5] . When comparison is made for the other essential amino acids, only lysine shows possible limitation in both the developing and the developed regions of the world. The lowest values for lysine are 46 and 47 mg/g protein for the developing regions of Africa and Asia, respectively. For the developed regions, only "Africa, developed" (50 mg/g protein) shows values for lysine below requirement. This anomaly arises because the value mainly refers to South Africa (developed economically but not necessarily nutritionally) and reflects the high quantities of corn (maize) in the diet. shows the progressive decline in the availability of food energy, total protein, animal protein percentage, and lysine (milligrams per day and milligrams per gram of protein) as one moves from the developed to the developing to the least developed countries. The most rapid declines with decrease in wealth are for animal protein percentage and lysine (milligrams per day).
Selected country data
In tables 6 and 7, the food energy, protein, and essential amino acids (milligrams per day and milligrams per gram of protein) for a number of developing countries in Asia, Africa, and South America are compared with data for a number of developed and transitional countries. The picture that emerges is similar to that already discussed for the regional data, but in a more extreme form. The poorest countries, such as Afghanistan, Nepal, and Bangladesh, have food energy availabilities of less than 2,000 kcal/day, with protein availability ranging from 42 to 50 g/day. Most of the protein in these countries is in the form of cereal protein. Such diets show daily availabilities for lysine on the order of 2,000 mg/day, which may be compared with the estimated requirement value for a young man of 2,840 mg/day. In the Indian subcontinent, the average lysine availabilities range from Some statistical evaluation of the country data from tables 6 and 7 is presented in table 8. The countries are grouped into 25 developing countries and 8 developed and transitional countries according to the classification used by FAO/Agrostat [17] , and the mean levels and their standard deviations are shown for total protein and for the content of essential amino acids. The latter are expressed both as milligrams of amino acids per day and as milligrams per gram of protein. Also shown are the values for Student's t in order to express the significance of the differences in the means. The mean level of total protein available, as would be expected, differed significantly (p < .001) between the diets of the developing and the developed countries, with mean values of 57.9 ± 13.9 and 102.1 ± 11.3 g/day, respectively. Since the level of total protein differed so markedly, it is not surprising that the daily availability of all the essential amino acids (milligrams per day) also differed significantly (p < .001). Lysine, however, had the highest value for t at 13.3, compared with the average for the rest of 8.6. This is not unexpected, since the amount of lysine per unit of protein is also lower in cereals, which contribute to the protein supply to a much greater extent in developing country diets. When amino acid data were expressed as milligrams per gram of protein, as an indicator of protein quality, it was noted that leucine, aromatic amino acids, tryptophan, and valine did not differ significantly between the groups of countries. Sulphur amino acids differed (p < .01), while the amounts of isoleucine, lysine and threonine were significantly higher (p < .001) in the diets of developed countries than in developing countries.
The biggest difference between mean values was for lysine (48.2 versus 66.6 mg/g protein), although the highest value for t was for isoleucine where the differences were much smaller (41.8 versus 46.9 ma/g protein); this was because of the much smaller standard deviations for the isoleucine observations. This analysis illustrates the major importance of lysine in distinguishing between the diets of developed and developing countries. Although the level of leucine did not differ significantly between the two groups, this was the only essential amino acid for which the level was estimated as higher (85.5 versus 79.9 mg/g protein) in the diets of developing countries than in developed countries. Leucine is generally high in cereal diets, especially corn (maize). The lack of statistical significance for the leucine differences is a reflection of the high standard deviation in the developing country diets.
Overall variability in data from 101 dietary calculations
Coefficients of variation
In an attempt to estimate the overall variability of the available data, 101 calculations for regions, countries, and subregions of countries were evaluated as a group. Some have already been tabulated. Others have not yet been considered but are either tabulated or described below.
Consideration was given to food energy; total protein; animal, cereal, and legume protein; and the contents of the essential amino acids in milligrams per gram of protein. Also examined were values for lysine both in milligrams per day and in milligrams per 1,000 kcal.
It can be seen from table 9 that the range of values for the various nutrients in the diets evaluated was considerable. Food energy ranged from 1,314 to 3,732 kcal/day, total protein from 34 to 118 g/day, animal protein from 2 to 78 g/day, and legume protein (including soya) from 0 to 35 g/day. Amino acid data (milligrams per gram of protein) also showed considerable variability, with lysine in particular showing a range of 33 to 71 mg/g protein.
The coefficient of variation (CV%) for lysine was 18.1%, which was much greater than the average CV% of 5.4% for the other essential amino acids. These differences are also illustrated in figure 2 (see FIG. 2. Coefficient of variation for essential amino acids (milligrams per gram of protein). Determined from 101 dietary calculations. Aaa=aromatic amino acids; Saa= sulphur amino acids), where the much higher CV% value for lysine can be seen. This indicates the relative constancy of these other amino acids in the various diets and the rather special nature of lysine as a dietary variable. The much higher CV% for lysine follows because lysine is the limiting amino acid in cereals, with a level per unit of protein that is generally only about one-third that of animal foods. A major difference between the diets of poor and rich countries is in their proportions of animal and cereal proteins. Thus, lysine is significantly affected. For these same data, the values for lysine ranged from 1,741 to 8,173 mg/day, with a CV% of 46.7%. There was also a considerable range when data were expressed as milligrams of lysine per 1,000 kcal; here the range was between 905 and 2,414 mg/1,000 kcal, with a CV% of 27.5%.
Multiple regression analysis
A multiple regression analysis relating dietary protein and lysine value for the same 101 dietary evaluations is shown in table 10. In the first part of the table the dependent variable is lysine (milligrams per gram of protein). For the order-of-magnitude prediction of the lysine value of diets, it is generally quite unnecessary to use data from all the individual protein foods.
Since there are major differences between the lysine content of animal foods, legumes, and cereal foods, the proportions of these protein components alone can give a high degree of predictability. For predicting lysine (milligrams per gram of protein), the mere use of animal protein percentage alone (R2=.84) can explain some 84% of the variation. This can increase to 94% when either animal protein and cereal protein percentages, or the combination of animal protein, cereal protein, and pulse protein percent ages are used. Thus, because of the very large differences in the lysine content of animal foods, cereal foods, and pulses when treated as groups, the content of protein from these sources alone can be a very efficient predictor of the lysine value of the diet.
In the second part of table 10, the dependent variable is lysine (milligrams per day). Here, some 95% to 98% of the overall variability is accounted for by the contents (grams per day) of animal protein, cereal protein, and pulse protein. Animal protein (grams per day) alone accounts for 95% of the variability in lysine The best prediction (R2=.98) involved all three major protein components:
Lysine (milligrams per day) = 86.3AP + 19.8CP + 63.6PSP + 599
where AP, CP, and PSP are animal, cereal, and pulse (including soya) protein in grams per day. Cereal protein (grams per day) by itself is a non-significant predictor of daily lysine availability. Although cereal protein may account for a high proportion of the total protein in developing country diets in absolute terms, the amount of cereal protein (in grams per day) is often similar in developing and developed country diets. Although it is not shown in table 10, cereal protein percentage can predict lysine (milligrams per day) at a low to moderate level (R2=.47). It is, however, the best single predictor for lysine (milligrams per gram of protein), with R2 = .88. 
Relations among diet, wealth, and health in 122 countries
Pearson correlation matrix
The next stage in the analysis was to correlate lysine availability with wider indicators such as wealth (gross national product), life expectancy at birth, and under-five child mortality data. These other indicators were not provided by FAO/Agrostat [17] but could be found in UNICEF [21] . By examining both sources, complete data for gross national product, life expectancy, and the proportions of the dietary protein from animal, cereal, and legume sources were obtained for 122 countries. The years for data availability (gross national product, life expectancy, and diet composition) were not always identical but were generally between 1991 and 1993. It was therefore considered that broad-based conclusions could be drawn from such data, which do not change rapidly from year to year. Because of the high degree of predictability (R2 = .98) for dietary lysine from animal, cereal, and legume protein contents, the prediction equation above was used to calculate lysine availability (milligrams per day). Lysine (milligrams per gram of protein) was calculated from the daily lysine by dividing by the total protein. Lysine values are thus not independent variables. Correlation coefficients were, however, calculated between gross national product, life expectancy at birth, total protein per day, animal protein percentage, cereal protein percentage, pulse and soya bean protein percentage, lysine in milligrams per gram of protein, and lysine in milligrams per day.
A Pearson correlation matrix from data for 122 countries is shown in table 11. As gross national product increased, so also did total protein per day, animal protein percentage, lysine in milligrams per gram of protein, and lysine in milligrams per day. In contrast, both cereal protein percentage and pulse and soya bean protein percentage declined as gross national product increased. Life expectancy at birth was also significantly correlated in a positive manner with wealth. Thus, richer countries consume more total protein, more animal protein, and less cereal protein, and in consequence, the lysine value of their diets is also greater. Abbreviations: GNP=gross national product (US$) per capita; LE=life expectancy at birth (years); TP=total protein (g/day); AP% = animal protein (% total protein); CP% =cereal protein (% total protein); PSP% =pulse and soya protein (% total protein); LYSG = lysine (mg/g protein); LYSD = lysine (mg/day). For df = 120 p < .05 = 0178 and p < .001 = 0.294. Food availability data for 1992 from FAO/Agrostat [17] GNP and life expectancy data from UNICEF; values for 1992 93 [21] . Lysine values are calculated from food availability data using the equation Since both diet and health are improved with increasing wealth, no causal relationship can be inferred between diet (including lysine value) and life expectancy, although such a relationship is not unreasonable. Further dietary relationships are such that as total protein increases, animal protein percentage increases, cereal protein percentage declines, and lysine value increases. The very high correlations between animal protein percentage and lysine value (animal protein percentage, of course, being a major component in the prediction) are supported by observations made in other sections of this review. Also of note is the strongly negative (-0.93) correlation coefficient between cereal protein percentage and lysine value (milligrams per gram of protein).
Classification of countries by wealth
In table 12 health and dietary data are classified by gross national product. The four classes selected are those with annual per capita gross national products of less than US$500, those with US$500 to US$2,000, those with US$2,000 to US$10,000, and those with more than US$10,000 per year. Additional information in this table includes total population per income group, food energy, lysine and the under-five mortality rate (deaths among children under five years of age per 1,000 live births). There are 37 countries in the lowest gross national product class (<US$500) with a total population of some 2,990 million. These are also the countries with the lowest mean daily availability of food energy (2,070 kcal), total protein (51 g), animal protein percentage (20%), and lysine whether expressed as milligrams per day, milligrams per gram of protein, or milligrams per 1,000 kcal. They also have diets with the highest proportion of their protein from plant sources. These are also the countries with the lowest life expectancy and the highest under-five mortality rate.
In sharp contrast, there are 23 countries, with a total population of 806 million, with a mean per capita gross national product greater than US$10,000. These countries have an average daily availability of 3,335 kcal and 101 g protein, with 61% coming from animal protein sources. In consequence they average 6,555 mg lysine/ day compared with 2,405 mg/day for those in the lowest gross national product class. In terms of milligrams per gram of protein, the highest gross national product class has an average of 65 ma/g protein and the lowest an average of 47 mg/g protein. These values can be compared with the 58 mg/g protein estimated by FAD/ WHO [5] as the adult requirement. The average amount of lysine in relation to food energy is 1,966 mg/1,000 kcal in the highest class compared with 1,174 mg/1,000 kcal in the lowest. Different economic classes also show dramatic contrasts in under-five mortality rate and life expectancy.
It is thus clear from tables 11 and 12 that wealth (gross national product) is significantly correlated with both health and the type of diet consumed. The different dietary patterns lead to very different availabilities of lysine in terms of both milligrams per gram of protein and milligrams per day. High correlations do not necessarily indicate causality, but basic questions do arise as to whether lysine fortification of cereal diets, which would improve the overall protein value, would lead directly to improved health. Again, such a supposition is not unreasonable but cannot be proved or disproved from data of the type presented. 
Changes in food and essential amino acid availability from 1961 to 1992 Group and country data: 1961 versus 1992
The availabilities of food energy (kilocalories per day), total protein, animal protein, cereal protein, and pulsesoya protein (grams per day) are shown in table 13 . Also shown are the availabilities of essential amino acids (milligrams per day) for developed countries, developing countries, and least developed countries as well as for the three major countries of the Indian subcontinent -Bangladesh, India, and Pakistan. These are tabulated for 1961 and 1992, the first and last years of the current FAO/Agrostat [17] data set. Significant changes took place between 1961 and 1992 in food availability for both the developed and developing country groups. For the developing countries, increases can be seen for food energy (26%), total protein (26%), and animal protein (76%), although pulse-soya protein declined by 35%. The availabilities of the essential amino acids (milligrams per day) all increased, with lysine increasing by 25% from a mean value that was below the estimated need in 1961 to one slightly above the need in 1992. Developed countries also showed increases of 15% to 30% for food energy, total protein, animal protein, and lysine although these all took place from a considerably higher baseline level. In contrast, however, these increases between 1961 and 1992 did not occur for the poorest countries. For the least developed countries and for Bangladesh, over the same period, changes are almost non-existent, and some nutritional indicators, including lysine even declined. For example, for the least developed countries, animal protein availability in 1961 (9.8 g/day) was greater than in 1992 (8.7 g/day), as was animal protein availability for Bangladesh (7.1 versus 4.8 g/day). In contrast, India and Pakistan both showed increases over this period, especially for food energy, total protein, and animal protein. Legume availability declined by as much as 47% in India, however.
When lysine values are considered, the developed countries showed increases from 5,413 mg/day in 1961 to 6,666 mg/day in 1992, and the developing countries from 2,401 to 3,014 mg/day, while the least developed countries declined from 2,433 to 2,278 ma/day during this same period. Similarly, in Bangladesh lysine availability declined from 2,193 mg/day in 1961 to 1,883 mg/day in 1992, while in India and Pakistan there were modest increases.
In table 14 (see TABLE 14 . Comparison of food energy, protein, and essential amino acids (mg/g protein) between 1961 and 1992 for selected regions and countries) these same groups and countries are compared, with the animal, cereal, and pulse-soya protein tabulated as percentages of total protein, and the essential amino acids shown in terms of protein quality as milligrams per gram of protein. Animal protein percentage increased in both developed and developing countries, as well as in India and Pakistan, but declined in the least developed countries and Bangladesh. The increases were uneven but were as high as 40% for developing countries as a group. In contrast, animal protein percentage declined by 8% in the least developed countries and by 27% in Bangladesh.
Region/ country
Year of food energy, protein, and essential amino acids (mg/g protein) between 1961 and 1992 
for selected regions and countries
Source: calculated from FAO/Agrostat [17] .
Pulse-soya protein percentage showed significant declines in almost all groups, with a nearly 50% decline in the developing countries as a group, a 51 % decline in India, and a 63% decline in Pakistan. The proportion of protein from cereals increased in all countries except the developed countries. These changes in dietary patterns are reflections of both wealth and the generally greater availability of cereals.
For lysine expressed as milligrams per gram of protein, only the developed countries were above the FAD/WHO 1991 requirement figures in both 1961 and 1992 [5] . The other countries or groups changed little over this period, except for Bangladesh, where lysine fell from 48 to 44 mg/g protein as a result of the lower availability of animal protein.
Countries of South-East Asia: 1961 to 1992
Although for reasons of space, the full tabular data are not presented, the changes in food energy, fat, protein, and lysine (both milligrams per day and milligrams per gram of protein) were evaluated for Bangladesh, India, Japan, South Korea, Pakistan, Sri Lanka, and Thailand for the period 1961 to 1992 using the FAO/Agrostat database [17] . Protein (grams per day) was categorized as total protein, animal protein, cereal protein, and pulsesoya protein. Lysine values were calculated from these data using the regression equation shown above. Several patterns of change with time emerge from these data and are illustrated in figures 3 (see FIG. 3 Six-country comparison of total protein availability 1961 1992 [17] ) to 5 for all the above countries except Sri Lanka. Values for all variables can be deduced for Sri Lanka, since they were generally between those for Bangladesh and those for India. The key determinant of dietary modification appears to be changes in economic status of the countries over the years. Wealth (per capita gross national product) significantly correlates with protein availability (quantity and quality) in the diet. Bangladesh and Sri Lanka changed least, and India, Pakistan, and Thailand showed modest increases. In South Korea and Japan the changes were marked. In Japan protein availability was already at a reasonable level in 1961. In South Korea, however, the values in 1961 were quite low, especially for animal protein, and major changes did not really start until the 1970s and then proceeded rapidly.
Total protein and animal protein are major determinants of lysine availability and are illustrated for six countries in figures 3 and 4 (see FIG. 4 . Six-country comparison of animal protein availability 1961-1992 [17] ). In both Bangladesh and Sri Lanka (not shown), total daily protein availability remained on the order of 40 to 45 g/day, and animal protein availability averaged only 5 to 10 g/day, with lower values for animal protein in Bangladesh than in Sri Lanka. In South Korea animal protein availability was 6 g/day in 1961, but this had increased to 33 g/day by 1992. Japan, whose total protein availability ranged from 73 to 98 g/day over this period, showed changes in animal protein availability from 24 to 56 g/day. India and Pakistan changed far less, with total protein availability averaging between 50 and 60 g/day for both countries. Animal protein availability ranged between 6 and 10 g/day in India and between 13 and 15 g/day in Pakistan. Although not shown, changes in food energy availability generally were parallel to increases in total protein. Hence Bangladesh and Sri Lanka changed the least and South Korea the most.
For all the countries, the lysine values (milligrams per day and milligrams per gram of protein) parallel the changes in food energy and protein. These changes for lysine (milligrams per day) are graphically illustrated (except for Sri Lanka) in figure 5 (see FIG. 5 . Six-country comparison of lysine availability 1961-1992 [17] ). Very distinct differences can be observed. Japan differs from all others in that lysine (milligrams per day), already at a moderately high level in 1961 (4,000 mg/day), increased continuously until 1992 (6,500 mg/day). In contrast, South Korea and Thailand had inadequate lysine values in 1961 (2,300 and 2,200 mg/day), but both had increased by 1992. Thailand increased to a modest extent, but the South Korean diet was providing nearly 4,700 ma/day by 1992.
The other three countries remained almost static over the three decades, with Bangladesh at inadequate levels throughout and even declining. Because of the very high proportion of wheat in the Pakistani diet, the values for Pakistan may have been slightly overestimated by the use of the regression equation and are thus closer to the values for India than they appear from figure 5 . The mean values for both these countries approximate requirement estimates, and therefore on statistical grounds many would be at risk in both societies. Bangladesh, India, Pakistan, and Sri Lanka all have lysine values that appear to be marginal or below requirements for the whole period, but South Korea and Thailand, which had inadequate lysine values in the earlier years, have shown significant increases since the early 1980s.
When lysine is considered as milligrams per gram of protein, again only the values for Japan can be considered adequate throughout the whole period. Although the South Korean diet has shown significant changes, from 40 mg/g protein in 1961 to 54 mg/g protein in 1992, protein quality must still be considered marginal. Poorer quality is, however, compensated for by adequate protein quantity. Other countries, especially Bangladesh but also Pakistan and India, average below the estimated needs of 58 mg/g protein [5] .
Changes for Pakistan: Food balance sheet calculations for selected years
Because of future research plans and hence particular concern for the lysine value (in milligrams per day and milligrams per gram of protein) of diets in Pakistan, calculations made directly from food balance sheet data are shown in tables 15 and 16 ( see TABLE 15 . Changes in food energy, protein, and essential amino acids (mg/g protein); selected years Pakistan 1961-92 calculated directly from FAO food balance sheets and TABLE 16 . Changes in food energy, protein, and essential amino acids (mg/day); selected years Pakistan 1961-92 calculated from FAO food balance sheets) for selected years, at about five-year intervals, between 1961 and 1992. When the lysine values are compared with those shown in figure 5 for Pakistan, i.e., those that were calculated from the regression equation, it will be seen that although the values parallel each other, the values directly calculated from food balance sheets are somewhat lower than those calculated from the regression equation. In practice such a discrepancy will be larger for Pakistan than for other countries of the region because of the greater predominance of wheat in the Pakistani diet. The regression equation used for prediction uses cereals as a group rather than individual cereal species. Since rice has a higher lysine content than wheat (38 versus 24 mg/g protein), lysine availability will be overestimated for Pakistan because of its predominantly wheat diet.
For the Pakistani diet as a whole, total protein and animal protein availability (grams per day) have increased modestly. Cereal protein percentage has been fairly constant (50%60%). Animal protein percentage has also been fairly constant but has increased slightly since the late 1980s and was 32% in 1992. Although pulse and soya protein were never significant contributors to the protein supply in Pakistan as they were in India (pulsesoya protein percentage in 1961 was 13% in Pakistan and 24% in India), by 1992 pulse-soya protein percentage had declined to 5% in Pakistan compared with 12% in India. Consequent on these several changes the lysine value has been fairly constant (44-48 mg/g protein: table 15) over the years. However, because of the slight increase in total protein, the total lysine increased slightly from 2,374 mg/day in 1961 to 2,621 mg/day in 1992. These values remain below the estimated requirement values (table  4) and give cause for concern as to the lysine availability and the protein quality of the Pakistani diet as a whole.
Thus, increases in national wealth significantly affect the amount of lysine consumed. A more expensive diet containing more legumes or more animal protein will provide more lysine Further elaboration of survey data from Pakistan and India and the lysine value of regional diets will be discussed below.
Wealth was also a key determinant of the lysine value of diets in the past. The lysine values for a number of diets from the older literature have been calculated. These values are not reported here, but calculations from dietary information presented by Hutchinson [22] and Sherman [23] show that the types of diets consumed by workers and peasants in Britain in the later years of the nineteenth century were generally adequate in their protein value. In addition, as in the case of current world diets, lysine was the amino acid that was most deficient in the diet in relation to requirements. The relations between food cost and lysine value have also been confirmed by evaluation of diets reported by the US Department of Agriculture [24] and the Carnegie United Kingdom Trust [25] . In the latter monograph detailed information was presented on a large-scale dietary survey performed during the depression in pre-war Britain.
Survey data from Pakistan and India
After regional and country data originating from food balance sheets have been evaluated, the next level of information comes from survey data showing intracountry variability [26] .
Pakistan survey data
In the survey report, food consumption data (grams per day) are tabulated for the food groups-cereals, animal foods, milk, pulses, vegetables, fruit, sugar, and oils-for a number of regions, provinces, and cities of Pakistan. By making assumptions concerning the individual foods comprising the reported food groups, nutritional intake data were calculated from these values together with the lysine value (milligrams per gram of protein) using Massachusetts Nutrient Data Bank values and standard dietary calculation procedures. These data, following adjustment to match reported protein intakes, are shown in table 17 (see TABLE 17 . Food energy, protein, animal protein percentage, and essential amino acids (mg/g protein) for Pakistani regions) and illustrate regional variations in intake. That the assumptions made concerning the individual foods in the food groups were reasonable can be seen by comparing the values with the whole country data for the mid-1980s presented in tables 15 and 16, which were calculated from food balance sheet data [17] . Source: derived from food intake data of the National Nutrition Survey 1261.
The intra-country variations observable from these calculations are important and demonstrate significant differences from the country average. The cities and the surrounding areas have lower food energy availability than the rural areas in general and the north in particular. Total protein and animal protein consumption was, however, often greater in the urban and city areas. When compared with requirement values (milligrams per gram of protein: table 5), lysine is the only amino acid in significant deficit. The next limiting amino acid is threonine. The latter, however, is only a little below requirement levels. Both observations agree with expectations for cereal-based diets.
Food energy, protein, and fat as well as the daily availabilities of essential amino acids (milligrams per day) are shown in table 18 (see TABLE 18 . Food energy, protein, fat, and essential amino acids (mg/day) for Pakistani regions). When comparing availability with requirement values (see table 4 ), only lysine can be considered marginal. In general, lysine availability is roughly proportional to food energy availability. There are, however, a number of exceptions. Both Sind and North-West Frontier Province (NWFP) cities have high lysine values despite moderate food energy and protein intakes. This can be accounted for by the higher availability of animal protein. In the north (where intake data appear questionable), because of the very high intake of protein recorded, the intake of lysine in milligrams per day is high even though the amount of lysine in milligrams per gram of protein is low. For a number of areas, e.g., Baluchistan urban and city, Lahore, Karachi, and Azad K, the overall diets, including lysine values, give cause for concern. Mean values below mean requirements are indicative of a high probability that a significant section of the population is at nutritional risk. Source: derived from food intake data of the National Nutrition Survey [26] .
In table 19 (see TABLE 19 . Means, standard deviations, and coefficients of variation for food energy, protein, and essential amino acids for 16 Pakistani regions), means, standard deviations, and coefficients of variation (CV%) are shown for data from the 16 regions presented in tables 17 and 18 in order to demonstrate the variability in statistical terms. When food energy, protein, and essential amino acids (milligrams per day) are considered, CV% values are similar throughout and range between 17.5% and 21.4%, with the CV% for fat being somewhat higher at 31.4%. The CV% values are much lower when amino acids are expressed as milligrams per gram of protein.
The CV% is 8.9% for lysine, 3.0% for threonine, and ranges between 0.8% and 2.5% for the other essential amino acids. As with other observations (e.g., table 9), the CV% for lysine supply is greater than those for the other essential amino acids. 
Indian survey data
Protein and lysine values were calculated from dietary survey data from 18 states in India. These data were obtained from Dr. A. V. Kurpad, Project Coordinator of the Nutrition Research Centre, Bangalore, and were preliminary information on the Indian National Food Intake Survey from the National Nutrition Monitoring Bureau. Since the data available were not original raw food intake data, a number of assumptions were required to allow for processing. The data for food groups consumed (cereals, pulses, vegetables, etc.) were mainly in the form of graphs. Protein (grams per day) and food energy (kilocalories per day) were also shown. Rural data were expressed for individual states, whereas the urban data were shown for different income levels ranging from high-income families to slum dwellers. Dietary patterns in India differ considerably from state to state, especially in the staple cereal, and hence in the proportions of rice, wheat, and millet. In general, more wheat is consumed in the north and more rice in the south. Assumptions on foods and the proportions of cereals consumed within the various states were made with the assistance of Ms. Shibani Ghosh, an Indian graduate student who was familiar with local dietary patterns. Pulse protein was assumed to be derived equally from lentils, chickpeas, and pigeon peas. No meat protein was described as being in the diets, and thus all animal protein was assumed to be in the form of milk and milk products. This assumption is reasonable because a large proportion of Indians are vegetarian. Further, as will be demonstrated later, the amino acid compositions of most animal foods show broad similarities. For urban areas the food consumption data were shown for different income levels (high, middle, low, industrial labour, and slum dwellers) without state origin being given. Thus it was not possible to account for the regional dietary differences. For these calculations approximately 60% of the cereal protein was considered to originate from wheat protein and 40% from rice.
Amino acid calculations were performed on the food availability data using the Massachusetts Nutrient Data Bank values for the content of essential amino acids. The results for the Indian states are shown in tables 20 and 21 (see TABLE 20 . Food energy, protein, and essential amino acids (mg/day) for Indian states). As with the data for Pakistan, there is considerable intra-country variation, but the availability of essential amino acids (milligrams per day) parallels the availability of food energy and protein. Punjab and Madhya Pradesh have the highest availabilities of food energy and protein, whereas Tamil Nadu and Tripura have the lowest. Punjab also differs from the others in the much higher level of animal protein and hence also has the highest level of lysine At 3,576 mg/day this was in sharp contrast to West Bengal and Tripura, where the lysine supply was less than 1,900 mg/day. Protein quality (essential amino acids in milligrams per gram of protein) and the percentage sources of dietary protein are shown in table 21 (see TABLE 21 . Food energy, protein percentages, and essential amino acids (mg/g protein) for Indian states). The very high dependence on cereal protein, with six states having more than 80% of their protein from cereals, and the general low dependence on animal protein (except for Punjab) is shown clearly. Pulse protein showed varied availability. As would be expected from these distributions and from comparison with earlier diet analyses, there are low values throughout for lysine Indeed, 11 of the 18 states have lysine values below 40 mg/g protein. TABLE 22 . Means, standard deviations, and coefficients of variation for food energy, protein, and essential amino acids for Indian states) shows means, standard deviations, and CV% for the states. This parallels the summary data for Pakistan shown in table 19 and again illustrates intra-country variability. When food energy, protein, and essential amino acids (milligrams per day) are considered, CV% values are similar throughout and range between 16% and 19%. The CV% values are much lower when amino acids are expressed in milligrams per gram of protein. The CV% for lysine is 6.2%, whereas other essential amino acids generally range between 2% and 4%. Urban area values, separated into income categories, are shown in table 23 (see TABLE 23 . Food energy, protein, and essential amino acids for Indian urban areas in terms of income levels). The influence of income on all variables is strong, with that on lysine being especially noticeable both in milligrams per day and in milligrams per gram of protein. As much as 3,508 mg lysine per day was available in the high-income group, compared with 1,992 mg/day in the slum area group. For quality considerations (milligrams of lysine per gram of protein), the range over the same income groups was from 52 to 38 mg/g protein. Animal (milk) and legume protein were much higher, in both absolute and percentage terms, in the high-income group than in the slum group. These animal and legume protein differences were certainly causal, together with the greater dependence on cereal in the poorer areas, in affecting lysine availability. When CV% values were considered, the values for lysine were far higher, both in milligrams per day and in milligrams per gram of protein, than for the other essential amino acids. 603  68  49  20  21  44  78  52  38  86  35  11  53   Medium  2,364  60  61  19  14  42  76  46  38  85  34  11  52   Low  2,230  58  74  17  6  40  74  40  39  83  33  12  50   Laborer  2,243  55  74  17  6  40  74  40  39  84  33  12  50  Slum  2,008  53  80  16  3  39  73  38  39  82  32  12  49   Mean  41  75  43  39  84  33  12 
Amino acid composition of food groups
The amino acid compositions of selected food groups are shown in table 24 . These values, in milligrams per gram of protein, are from the Massachusetts Nutrient Data Bank. They were calculated from food table data, in milligrams per 100 g of food, mainly originating from the US Department of Agriculture [18] , which in turn originated from a number of sources, including FAO [19] . All composite dishes (i.e., those containing mixtures of foods) were excluded, so that the mean values and variations shown are only for individual foods. Other than this no further selection was made. It should be noted that many of the values, especially in the animal food group, are not independent variables, since they may never have been individually analysed for amino acid composition. For example, amino acid data (milligrams per 100 g food) tabulated for a large number of cuts and preparations of beef could well originate from a single mean reported amino acid composition analysis for beef (milligrams per gram of protein) multiplied by the protein content (grams per 100 g) of the cut. Data in food tables, as such, do not always allow for exact determination of the origin of the data.
The following discussion of amino acid composition is in quality terms throughout, i.e., milligrams per gram of protein. Since the values are not true independent variables, full statistical analysis was not possible and the differences cited can only be suggestive. Nevertheless, several observations can be made from these data. For the majority of the amino acids, namely isoleucine, leucine, aromatic amino acids, threonine, tryptophan, and valine, the differences between the means for the various food groups are generally small. However, low levels of leucine and aromatic amino acids in fruits and vegetables and high levels of tryptophan in nuts and seeds may be noted.
Most importantly, however, major differences between the mean values for the food groups exist, especially for lysine but also for sulphur amino acids. Both fruits and vegetables and legumes are lower in sulphur amino acids than are the other food groups. For lysine the largest differences exist between the animal, cereal, and legume groups. The values for grains (cereals), with a mean level of 30.5 mg/g protein, were far lower than those for animal foods (84.3 mg/g protein) and legumes (67.0 mg/g protein), with intermediate values for nuts and seeds and for fruits and vegetables.
The special nature of lysine distribution between the food groups is demonstrated in table 25, where the amino acid data are expressed as ratios in relation to the grain group. Ratios for animal foods and for legumes compared to cereals are 2.8 and 2.2, respectively, with the maximum ratio for any other amino acid being 1.3. The relatively high levels of sulphur amino acids in cereals can also be noted; compared with cereals, the ratios both for legumes and for fruits and vegetables are 0.6. These observations, drawn from amino acid composition data, reinforce the conclusions drawn from the CV% data for lysine and the other essential amino acids shown in tables 9, 19, 22, and 23, which originate from food balance sheet calculations. 
Summary and conclusions
According to ICN reports [1] , hunger and malnutrition remain devastating problems facing the majority of the world's poor. One of five persons in the developing world is chronically undernourished; nearly 200 million children suffer from protein-energy malnutrition; and over 2,000 million people have micronutrient deficiencies. The most prevalent recognized micronutrient deficiencies are lack of iron, iodine, and vitamin A. However, the relative lack of the essential amino acid lysine may also be widespread in vast areas of the world where diets are heavily based on cereals. This includes much of South Asia. Strategies to alleviate micronutrient deficiencies must include improving dietary diversity as well as nutrient fortification. Comparisons of food availability data among various regions and countries have demonstrated that as wealth (gross national product) decreases, less food energy and protein are available for consumption. In addition, however, there are major changes in the pattern of foods selected, including much greater dependence on cereals as a source of protein. The essential amino acid lysine showed a much greater CV% in several groups of data than did the other essential amino acids. This confirms the greater variability for lysine as a consequence of the very different dietary patterns of the rich and the poor, especially in relation to their dependence on cereals as a source of protein.
When dietary and health data are stratified by gross national product, it can be demonstrated that the poorest countries, with a population of nearly 3,000 million, have the lowest mean daily availability of food energy, total protein, animal protein percentage, and lysine They also have diets with the highest proportion of their protein from plant sources. In addition, these are the countries with the lowest life expectancies and the highest underfive mortality rates. Furthermore, when food balance sheet data are examined and comparisons are made between 1961 and 1992, changes in lysine availability can be related to changes in wealth and consequent changes in dietary patterns.
Dietary survey data from both India and Pakistan have confirmed the conclusions from country-wide data originating from food balance sheets. There were, additionally, wide intra-country variations in diet and lysine availability. Average lysine values were low in both countries and would indicate considerable risk of inadequate levels of intake in many subsections of the population.
When amino acid composition data were examined, it was observed that, for the majority of the amino acids, the differences between the mean values for the food groups were generally small. For lysine however, these differences could be large, especially between cereals and animal foods. In practice it was observed that the amino acid compositions of animal, pulse, and cereal proteins were sufficiently distinctive from each other to allow the use of food group data for predicting the lysine value of diets.
